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Abstract
In this workshop we have presented the results obtained in the three-flavour
(Nf = 3) Nambu–Jona-Lasinio model Lagrangian which includes all non-derivative
vertices at NLO in the 1/Nc expansion of spin zero multi-quark interactions. In
particular the role played by the explicit chiral symmetry breaking interactions has
been discussed in comparison with previous model Lagrangians.
The subject of this year’s Bled workshop is ”Quark masses and hadron spectra”. The
understanding of the origin of masses from fundamental principles may have moved a step
closer with the announcement of the existence of the Higgs, however the reason for the
hierarchy of masses observed for several families of leptons and quarks still eludes us. The
current quark masses are external to the gauge principle underlying the foundations of
QCD. In an effective approach to QCD the most innocuous way is to consider them born
from external sources interacting with originally massless fields which comply with all the
symmetries. If in addition the study of strong interactions is limited to the energy range
which is of order Λ ≃ 4pifpi ∼ 1 GeV [1], where Λ characterizes the scale for spontaneous
chiral symmetry χS breaking, a firm set-up for its systematic inclusion is supplied by the
seminal papers of Nambu and Jona-Lasinio (NJL) [2].
Our procedure relies on the very general assumption that this scale determines the
hierarchy of local multi-quark interactions which model QCD at low energies. It has been
pointed out in [3, 4] that it is sufficient to truncate the tower of multi-quark interactions
at 8 quarks (q) to complete in 4D the number of vertices relevant at the scale of dynamical
chiral symmetry breaking.
The U(1)A symmetry breaking ’t Hooft (2Nf) flavor determinant [5, 6] adds 1/Nc
suppressed interactions to the original NJL Lagrangian [7, 8]. Having first focussed on
the resolution of the instability of this model’s effective potential [9], we have enlarged
the Lagrangian by a general set of equally suppressed spin zero 8q interactions [10, 11].
Later on, showing that the Nc counting rules are congruent with the classification of
vertices in terms of the χS breaking scale, we have taken into consideration the terms
of higher order in the current quark-mass expansion [12, 13], which are responsible for
the explicit chiral symmetry breaking at the same order as the ’t Hooft determinant and
eight quark terms previously analyzed. The standard mass term of the free Lagrangian
is only a part of the more complicated picture arising in effective models beyond leading
order [14]. Chiral perturbation theory [15, 16, 17] gives a well-known example of a self
consistent accounting of the mass terms, order by order, in an expansion in the masses
themselves.
Using path integral bosonization techniques which take appropriately into account the
quark mass differences [18, 19], the mesonic Lagrangian up to three-point mesonic vertices
is obtained in [13].
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We end up with 4+ 10 = 14 low-energy constants at leading and NLO of the effective
1/Nc expansion. The model parameters are fully controlled on the theoretical side by
symmetry arguments and on the experimental side by the characteristics of the low lying
pseudoscalars and scalars. The number of observables described until now by far surpasses
the number of parameters [13].
The tree level bosonized Lagrangian carries either signatures of violation of the Zweig-
rule or of admixtures of q2q¯2 to the quark-antiquark states. Elsewhere these are obtained
by considering explicitly meson loop corrections, tetraquark configurations and so on
[20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31].
By calculating the mass spectra and the strong decays of the scalars, one can realize
which multi-quark interactions are most relevant at the scale of spontaneous χS breaking.
On the other hand, by analyzing the two photon radiative decays, where a different
scale, associated with the electromagnetic interaction, comes into play, one can study the
possible recombinations of quarks inside the hadron.
Our main results are so far:
1-We achieve total agreement with the empirical low lying pseudoscalar meson spec-
trum. The current quark mass dependent interaction terms mainly responsible for the
fit belong to the class of OZI-violating interactions, representing additional corrections
to the ’t Hooft UA(1) breaking mechanism. Explicit χS breaking effects in interactions
are essential to obtain the empirical ordering mK < mη and the magnitude of the split-
ting. The fit of the η−η′ mass splitting together with the overall successful description of
the whole set of low-energy pseudoscalar characteristics is actually a solution for a long
standing problem of NJL-type models.
2-We are also capable to describe the spectrum of the light scalar nonet. The explicit
χS breaking terms related with q
2q¯2 admixtures are the main source of the fit associated
with the empirical ordering mκ0 < ma0 ∼ mf0 . On the other hand, the mixing angle of
the singlet-octet scalar states θS as well as the mass of the σ meson are strongly affected
by OZI-violating short range forces.
3-With all parameters of the model fixed by the spectra we analyzed a bulk of two
body decays at tree level of the bosonic Lagrangian: the strong decays of the scalars
σ → pipi, f0(980)→ pipi, κ(800)→ piK, a0(980)→ piη, as well as the two photon decays of
a0(980), f0(980) and σ mesons and the anomalous decays of the pseudoscalars pi → γγ,
η → γγ and η′ → γγ.
Our results for the strong decays of the scalars are within the current expectations.
The radiative decays of the scalars are smaller than the observed values for the f0(980)
and the σ, but reasonable for the a0.
We obtain that the a0(980) meson couples with a large strength of the multi-quark
components to the two kaon channel in its strong decay to two pions, but evidences a
dominant qq¯ component in its radiative decay. As opposed to this, the σ and f0(980)
mesons do not display an enhanced qq¯ component neither in their two photon decays nor
in the strong decays. The widths of the a0(980) → piη and f0(980) → pipi decays are
well accomodated within a Flatte´ description. We corroborate other model calculations
in which the coupling of the f0(980) and a0(980) mesons to the KK¯ channel is needed for
the description of the decays f0(980)→ pipi and a0(980)→ piη. We find that this coupling
is most crucial for the latter process.
The radiative decays of the scalar mesons into two photons show that the main channel
for the a0(980) decay proceeds through coupling to a qq¯ state, while the radiative decays
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of singlet-octet states σ, f0 must proceed through more complex strutures. This does not
mean that the a0 meson is mainly a qq¯ state, but that the multi-quark component with
the large strength in the two kaon channel, important for the reduction of the a0piη strong
decay width, is not the leading process in the two photon decay of this meson.
Finally, the radiative decays of the pseudoscalars are in very good agreement with
data.
4-The response to the external parameters T, µ has been recently addressed in [32],
with implications on strange quark matter formation. In the early version of the model
Lagrangian without the explicit NLO χS breaking terms one obtains that although the
vacuum properties remain almost insensitive to the 8q interactions, their effects are re-
markable for medium and thermal properties [33, 34, 35, 36, 37, 38], as well as in presence
of a strong constant magnetic field [39, 40, 41, 42].
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